a brief but tumultuous episode of expansion known as inflation. In September, however, results from the European Space Agency's Planck space telescope suggested that dust, which can also emit polarized light, could instead account for the BICEP2 signal.
Last week, those fears were confirmed with the long-awaited announcement of results from a joint analysis carried out by BICEP2 and Planck (see go.nature.com/muyr3z). On 30 January, researchers from both teams described how they had overlaid data recorded by BICEP2 with data from the same patch of sky recorded by Planck at a higher frequency, where the signal is almost entirely attributable to dust. Subtracting the portion of the signal known to be a result of dust left only a tiny excess, with a statistical confidence far below the level needed for a significant finding. There is now no reason to believe that BICEP2 saw anything but dust.
Still, it may yet be possible to find evidence of gravitational waves in the CMB by exploring the existing excess in more detail, and by scanning the sky at different frequencies. The team has learned lessons from its and Planck's findings, which it is applying in new detectors.
On a bright day in December 2014, as the BICEP2 team was finalizing the joint paper with Planck, Bischoff was in a huge but nearempty hangar at Harvard, finishing upgrades to one of the five telescopes that together make up what is known as the Keck Array, also at the South Pole. Results from the array, which first started taking data in 2011, were rolled into the latest joint analysis, but will also be crucial to the next phase of the gravitational-wave hunt.
Each of Keck's five telescopes is individually as sensitive as the entire BICEP2 telescope, allowing the array to measure the faint signals -detected as tiny temperature differences -with even greater precision. A new role for Keck will be to look for dust: two of its telescopes have been tuned to detect polarized light at a higher frequency than BICEP2, at which dust is expected to polarize the CMB more strongly. A measurement of dust-based polarization more precise than Planck's could give statistical weight to the small excess signal that remains in the BICEP2 data -if that signal is, after all, from primordial gravitational waves.
The array will be assisted by BICEP2's replacement, BICEP3, which packs the same
even years ago, silicene was little more than a theorist's dream. Buoyed by a frenzy of interest in graphene -the famous material composed of a honeycomb of carbon just one atom thick -researchers speculated that silicon atoms might form similar sheets. And if they could be used to build electronic devices, these slivers of silicene could enable the semiconductor industry to achieve the ultimate in miniaturization.
This week, researchers took a significant step towards realizing that dream, by unveiling details of the first silicene transistor 1 . Although the device's performance is modest, and its lifetime measured in mere minutes, this proof of concept has already been causing a stir at conferences, says Deji Akinwande, a nanomaterials researcher at the University of Texas at Austin who helped to make the transistor. Guy Le Lay, a materials scientist at Aix-Marseille University in France, agrees.
"Nobody could have expected that in such a short time, something that didn't exist could make a transistor, " he says.
Le Lay was one of the first scientists to create silicene in the lab 2 , in 2012 (see 'The rise of silicene'). The debut coincided with a growing sense that graphene was unsuitable for making transistors. Graphene may be the world's most conductive substance, but it is missing a crucial characteristic. Unlike the semiconductors used in computer chips, it lacks a band gap -the energy hurdle that electrons must vault before they can carry a current. Band gaps enable semiconductor devices to switch on and off and to perform 'logic' operations on bits.
"For logic applications, graphene is hopeless," says Le Lay. By contrast, silicene can boast a band gap, because some of its atoms buckle upwards to form corrugated ridges, which puts some of its electrons in slightly different energy states. What is more, makers of electronic chips have been wary of ditching decades of silicon-manufacturing experience in favour of carbon, says Lok Lew Yan Voon, a theoretical physicist at the Citadel, the Military College of South Carolina in Charleston, who first named silicene and modelled its properties back in 2007 (ref. 3) .
But handling silicene in the lab has been a huge challenge. The material cannot be peeled from a solid block using sticky tape, as graphene can from bulk graphite. Instead, researchers produce it by letting a hot vapour of silicon atoms condense onto a crystalline block of silver in a vacuum chamber, a much trickier process. And unlike robust graphene, naked silicene is extremely unstable in air, making it difficult to transfer the gossamer sheet to more useful substrates -such as the guts of a transistor. As recently as last year, some researchers were still questioning whether silicene even existed. So Akinwande joined forces with Alessandro Molle at the Institute for Microelectronics and Microsystems in Agrate Brianza, Italy, to offer silicene some protection. They formed a silicene sheet on a thin layer of silver, and added a 5-nano metre-thick layer of alumina
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Silicene makes its transistor debut
Creation of electronic device using atom-thin silicon sheets could boost work on other flat materials.
THE RISE OF SILICENE
Its carbon-based cousin graphene gets more attention, but silicene is catching up. sensitivity as the Keck Array into a single unit. It has already started collecting data and will be fully operational by the end of February, when the Antarctic summer finishes. Like BICEP2, BICEP3 will look for B modes caused by gravitational waves, but with greater precision and sensitivity, allowing it to detect ever fainter imprints in the CMB. And it will search the sky at 95 gigahertz (GHz), a lower frequency than its predecessor: the joint analysis with Planck, which scans the sky at a variety of frequencies up to 857 GHz, suggested that dust should have less of an effect at 95 GHz, making it more of a "sweet spot" for seeing a primordial signal, says Bischoff.
Antarctica is the perfect place to look for tiny twists in cosmic light. Not only is the continent blessed with relatively clear skies, but its dry climate means that there is much less water in the air to absorb microwaves. Bischoff 's colleagues are now working feverishly through the remaining Antarctic summer to get the detectors ready. Even the isolation can be an advantage, says Bischoff: "It's a good place to get work done, and it's pretty beautiful. " But BICEP3 and the Keck Array might be beaten by a rival. They point at the same region of sky as BICEP2, which turns out to be more polluted with dust than once thought. More luck might be had by the South Pole Telescope (SPT), which is less sensitive but scans the sky more widely and at a higher resolution, or the POLARBEAR telescope, installed in 2012 at the James Ax Observatory in Chile, says Peter Coles, a cosmologist at the University of Sussex, UK. "I wouldn't like to pick the likely winner, " he adds. The SPT and BICEP teams are also working on a joint analysis: if the primordial signal is very weak, it will be harder to differentiate from another source of B modes known as gravitational lensing, which the SPT is optimized to study.
Anthony Challinor, a cosmologist at the University of Cambridge, UK, is upbeat about the BICEP team's chances. The researchers' growing experience in untangling the CMB and the results obtained at varying frequencies puts them in good stead. "This is a very competitive field and the competition is catching up, but the BICEP team is still ahead of the game. "
How did the drama of the discovery affect the team? Acknowledging "some ups and downs" in 2014, Bischoff shrugs his shoulders. "Looking back, we probably could have been more cautious," he says. "But even with a low-key announcement there still would have been a large reaction one way or another. " Despite the attention, he says, "I feel like mostly we've kept pretty steady". ■ Additional reporting by Ron Cowen.
